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Abstract
This paper presents some recent computer studies of a von Neumann
type fluid. The particular model and the discrete dynamical equations
utilized are described in detail and various results from fluid mechanics
and statistical mechanics are discussed. Computer examples are presented
and the model is shown to behave like a liquid as regards density, inter--

particle separation, and surface wave generation.



I. Introduction

During the late nineteen thirties, John von Neumann "became in-
terested in questions of theoretical hydrodynamics, particularly in
the great difficulties encountered in obtaining solutions to partial
differential equations by known analytical methods." [1] From his
studies, von Neumann published a paper [2] which described a new numer-
ical method, discrete rather than continuous, for treating a class of
hydrodynamic problems. In this approach, a quasi-molecular fluid model
is developed in which the number of particles involved is reduced from

that of a real fluid (~10%%)

to a much more manageable number (~10-100).
In order that the smaller number of particles have the appropriate hydro-
dynamic behavior, the interparticle forces are adjusted and the physical
parameters of each particle are modified. In a self-contained fashion,
then, the present paper builds upon the results of an earlier paper [3]

and extends the study of what has come to be called a von Neumann type

fluid.

II. Basic Approach

The following physical situation provides a starting point for the
computer model. A liquid is poured into a right-circular cylindrical
container. Initially, on the macroscopic level, it's behavior will be
quite violent and erratic. Splashing and various wave phenomena will
occur. After the passage of time, the fluid will settle down and stabilize.
A definite top surface will develop and motion, at least at the macroscopic

level, will subside. Within the fluid itself, on the microscopic level,



density and pressure gradients will arise and some particle motion will
continue.

In order to model this situation numerically, we will proceed as
follows: adopting the modern physical viewpoint, [4], [5], the liquid is
assumed to be composed of interacting particles. Our original Tiquid con-
tained 300 particles. This number was later reduced to 278, for reasons
to be explained. The mass of each particle was taken to be 1.0 (CGS units
are used throughout). The container itself was 10.0 units in diameter.

A cylinder was chosen so that, by taking advantage of symmetry, only two-
dimensional motion need be considered, i.e., the model represents a sec-
tion through the vertical axis of the container. Particles were entered
into the container with random positions and velocities and sufficient

time was allowed for the liquid to settle. The average kinetic energy

per particle was observed periodically and the liquid was deemed to have
stabilized when further variations of this quantity was small. Liquid
viscosity was taken into account at the container's boundaries by damping
the velocity of any particle striking a wall to 10% of its original value.
This damping factor is, of course, strictly a function of the material nature
of the walls of the cylinder. Two different types of forces are allowed to
act on and within the fluid. The forces between the particles are taken to
be classical molecular in nature [5] and derivable from the Lennard-dJones
potential. When any two particles are far away from each other, they ex-
perience an attractive force. As they approach each other, the attractive
force is superceded by a much stronger repulsive force. Ultimately, these
forces reach a relative state of equilibrium within the fluid. The entire

fluid mass also experiences the force of gravity.



III. Dynamical Equations

In implementing the general approach described in Section II, let
the computer generated liquid be composed of N particles, denoted
P]’PZ""’PN’ each of the same mass m. For positive time step At,

let t, = kat, k = 0,1,2,3,... . The state of the Tiquid will be des-

k
cribed completely by giving the position and velocity of each particle
for every time tk' At each time tk’ let particle Pi be located at
"y = . > _
Pik " (Xi,k,yi,k) and have velocity Vik T (Vi,k,x’vi,k,y)‘ Further-
. . - _
more, at tk let Pi experience an acceleration ai,k = (ai,k,x’ ai,k,y)'

Let the position, velocity, and acceleration be related by the "leap-

frog" formulas [6, p. 107]:

- > él;_—»

(3.1) Viy T Vit 2 %0
> > > _

(3.2) V‘i,k'*‘;i - V’i,k-‘% + (At) a,i,k LY k - 152,3,-..
> > > a

(3.3) ri,k+1 = ri,k + (At) Vi,k+% , k=0,1,2,... .

One should note that since these formulas generate positions at time tk
and velocities at times tk+%’ position and velocity are never known
simultaneously. This precludes computing the total energy at each step.
At any time step, one can compute either kinetic energy or potential
energy, but not both.

F ).

At t k%% ALK,y

let the force acting on Pi be F. = (F

k?® i,k



We assume that force and acceleration are related by the discrete Newton's

law

3.4 3 = ma
(3.4) TN N

As soon as one specifies the form of F& K the motion of each particle,

and hence the state of the 1iquid, will be determined recursively and ex-
>

plicitly by (3.1)-(3.4) from given initial data. The force Fi K is de-

fined as follows. Let Pisk ri,k"rj,kl be the distance between

Pi and Pj at time tk and let G (coefficient of attraction), a (ex-

ponent of attraction), H (coefficient of repulsion), and b (exponent of

repulsion) be given constants subject to the constraints G>0, H>0, b>a>2

[5]. Then the force Fi K (F ) exerted by Pj on P, is

, F.
ik,x> i,k,y i

assumed to be

Xe =X
(3.5) Fikox = n’ j‘ TR e 1.k
(Y"ij,k> (r'ij,k) i,k
)
- Yo =Y
(3.6) Fiky:& . __& _+ H - i,k7J.k
riga (igad” | Tigak

The total force (F F ) on Pi due to all the other particles

* *
ik,x* "i,k,y

is given by summing over the expressions (3.5)-(3.6), excluding the ith

term:

N
- £ *
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The force of gravity is given by (0,-980m). Adding this to (3.7) gives

us the final expression for ?1 K

L]

(3.8) F.

= F*
i,k,x

1,k,x; F

= F*% -
Pkey T 1key T 280m

In liquids, all particles are always within the strong force fields
of their neighbors [7, p. 46]. Furthermore, it is known "that the "inter-
molecular forces are shortranged, [with] interaction between molecules
hardly extending beyond nearest neighbors." [8, p. 225] To emphasize
the localness of particle interactions, only those particles within a
fixed distance o of Pi are allowed to contribute to the attractive
and repulsive forces experienced by Pi' Besides being physically reason-
able, allowing such local interactions makes for much faster computation
times. With N particles there are N(N-1)/2 total interactions. Clearly,
if this number can be appreciably reduced, the expressions (3.5)-(3.6) will
be evaluated less often, and the computer code will be more efficient nu-
merically.

Particle damping and rebounding from the container walls is implemented
as follows. Let one end of the base of our rectanguiar section be at the
origin (0,0) and let the other end be at (A,0). Then
(a) if Xi,k<0’ reset Pi at (—Xi,k,yi,k)

(b) if Xi,k>A’ reset Pi at (ZA—Xi,k’yi,k)
)

(c) if yi,k<0’ reset Pi at (xi,k"yi,k)'

Suppose that Pi has velocity 7? K at tk. After resetting the posi-

. . >
tion, one resets the velocity to Vi where
s



->

(a) if Xi,k<o or Xi,k>A’ Vi~ (1~d)(—v?,k,x,v$,k’y)
N ->
(b) if ‘y'i,k<O’ V'i,k > (]‘d)(V?{’k’Xa _V?,k,y)’

where d s a fixed damping constant. After extensive computer exper-
imentation, the following parameter selections were settled upon: N = 300
(later 278), A = 10.0, G = 25.0, a =2, H=50, b=4,m=1.0, d = 0.9,

rg = 0.25, and At = 10'4. The time step is chosen so as to satisfy the

condition At << for every i and every k [9, p. 123]. In gen-

v,
eral, r is taken to be a typical interaction distance. Here, r =vr
4

0
were tried with the result being,

was used. Time steps larger than 10~
typically, the onset of instability. (The exact FORTRAN code which imple-
ments the model with the parameter choices given above is given in Appen-
dix I of [10].)

Before any investigation of the liquid computer model can begin,
a stable, settled configuration must be attained. Ideally, one could
determine a stable initial state for every possible choice of parameters.
This problem, however, is entirely intractible mathematically. Conse-
quently, it is necessary to allow the liquid to find its own stable par-
ticle distribution. This is done by placing the particles at random po-
sitions in the container and giving them random velocities and then by
observing the state of the fluid at successive time steps. This was done
and, as time passed, the fluid was observed to stabilize from the bottom
up with a new layer of 40 particles appearing approximately every .17 to
.22 units. During this phase of the computations, it was felt that if

this trend were to continue, 20 of the 300 particles would not fit into



any level. Hence, the number of particles was reduced from N = 300 to

N = 280. This, we believed, would result in a liquid of 7 Tevels with

40 particles in each level. After allowing about 21 seconds of physical
(fluid) time to pass, the topmost row refused to conform and level out.

A good deal of activity continued after the remainder of the liquid had
settled. It was concluded that this surface activity was appropriate and
reflected molecular activity, Tike Browman motion and evaporation, which
occur in a real liquid at the surface/external medium interface. [4]
Ultimately, two particularly incorrigible particles were removed. The
result was a stable liquid of 278 particles. This particle arrangement
can be seen in Fig. 1. The average kinetic energy per particle is 20.467.

(The exact positions and velocities are given in Appendix II of [10].)

IV. Qualitative Nature of the Modeled Fluid

An interesting, but very difficult, question to consider is whether
we have modeled a 1iquid or a gas. Let us now examine some of the various
approaches to answering this question. One of them, for example, is sta-
tistical. It is known that "in assemblies where particles interact with
short-range forces, of the order of 1,000 particles are sufficient to ex-
hibit statistical behavior." [9, p. 122] With this number of particles,
one can average over individual particle motions and speak meaningfully
of the fluid's temperature, pressure, viscosity, thermal conductivity,
and other thermodynamic properties. [11] One would then be able to com-
pare values computed statistically against those computed experimentally

for real liquids and gases. In this way, one would not only be able to



distinguish between a liquid and a gas but would hopefully be able to
specify the particular Tiquid or gas actually modeled.

An example of a specific difference between 1iquids and gases,
arising out of statistical behavior, which would be testable readily,
given a suitable number of particles, is the following. For homogeneous
and incompressible fluids (1iquids), pressure is proportional to depth
while for gases, the natural logarithm of pressure is proportional to
depth. [12, p. 31-32] One could graph these quantities to see which
hypothesis, 1iquid or gas, best explains the data. A drawback to this

approach is, of course, the large number of particles required. Limited
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FIGURE 1 - Settled Fluid

funds and a lack of sufficiently powerful computing machinery have so far
prevented our modeling of fluids of this size. However, other approaches
to be described next, and which are based upon less formal properties, are

available and do imply that our fluid is a Tiquid.



It is known [7, p. 45-46] that the average particle separation in
a typical gas is of the order of 10d where d is the equilibrium dis-
tance at which attraction and repulsion balance. In a Tiquid, the
average particle separation is of the order of d. For the particular
choice of parameters used in this paper, d is 1.414. For the fluid
presented in Fig. 1, the mean separation is 0.255. This is evidence in
favor of the fluid generated being a liquid. Furthermore, "Tiquids can
be regarded for most purposes as being incompressible." [7, p. 76] This
means that further evidence for a liquid-like nature rather than a gaseous
nature is the property of uniform particle density. Consideration of
Table I shows a remarkably uniform distribution of particles. (The upper-

most 39 particles at the surface have been excluded.)

TABLE I
Range in Height Number of Particles
0.0 - 0.2 40
0.2 - 0.4 40
0.4 - 0.6 40
0.6 - 0.8 40
0.8 - 1.0 39
1.0 - 1.2 40

Another approach in the consideration of the type of fluid actually

generated comes from the observation of the fluid's macroscopic properties.
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Earlier studies of a von Neumann type fluid have demonstrated the prop-
erties of bouyancy, expansion due to heating, convection, free surface
flow, and cavity flow. [3, 13] We next add to this Tist splashing and
surface wave generation which result when a particle of greater relative
mass is dropped into the fluid, from which will follow, again, the liquid
nature of our fluid. Incidentally, the computer examples which follow
are also of interest in themselves, since they describe the evolution of

fundamental fluid phenomena.

V. Splashing and Surface Wave Generation

After a stable configuration had been obtained, a single additional
particle was added to the other 278. This new particle, P279, was
placed above the surface at (5,1.7), released, and allowed to drop into
the fluid. Three cases were considered: 1) particle has mass = 10.0 and
initial velocity zero, 2) particle has mass = 10.0 and initial velocity
of 30.0 downward, and 3) particle has mass = 250.0 and initial velocity
zero.

Graphs of the resulting fluid motions are shown in Figures 2-4, and
these will be discussed separately. Note first, however, that due to

Timitations of printer spacing, gaps appear in the automatic plots given

in Figures 2-4 which do not actually occur in the fluid or in the computer
output. This shortcoming is apparent immediately by comparing Figure 1
and Figure 2(a). The only difference that exists between these two graphs

is the existence of particle P in Figure 2(a). Otherwise, the two graphs

279
are of the identical fluid. Figure 1, however, was drawn by hand and is

the more accurate of the two.
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Figures 2(a)-(e) show the effect of dropping P279, of mass 10.0,
from a position of rest, into the fluid. The resulting motion is shown,
respectively, at times to, t229, t503, t823’ and t1143. This gentle
drop into the fluid results in the splash effect which is seen clearly
in Figure 2(c). The splash continues to increase in size, as is shown
in Figure 2(d), while the rate of descent of P279 slows. Simultaneously,
P279 is covered over by fluid particles. Figure 2(e) shows the fall of
the two waves generated by the splash.

To accentuate the effects shown in Figure 2, we next reset the
velocity of P279 to (0,-30). The results of this change are shown in
Figures 3(a)-(d) at the respective times t 5., T5ogs toogs and ty,0,-
Figures 3(a) and (b) show a more rapid entry and descent than those shown
in Figure 2. Figures 3(c) and (d) show the generation of outward moving
waves at the later times t824 and t1464'

In order, again, to accentuate the effects shown in Figure 2, P279
was once more dropped from a position of rest, but this time its mass was
set at the extreme value m = 250. Figures 4(a) and (b), at the respective
times t229 and t366’ show a more rapid rate of descent within the fluid
and a much larger splash than that shown in Figure 2. However, it is
1ikely that extensive calculation with such a large mass might require
decreasing the time step At, since interparticle forces can now be ex-
ceptionally large.

In all three cases described above, note that the physical reactions

are consistent with the contention that the fluid is a Tiquid.
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V. Remarks

As was stated earlier, the 1iquid produced in this paper was the
result of a great deal of experimentation in the selection of parameter
values. Table II shows some of the parameter combinations and the nature
of the density of the resulting fluid. N is the number of particles in
the fluid, w is the width of the container, d is the depth of the fluid,

o is the radius of interaction, mean sep. is the mean separation of
particles, and KE/p. is the mean kinetic energy per particle. All fluids
have particle masses of 2.5.

While none of these earlier combinations generated a fluid with uniform
density, a few of them, 4 and 10 for example, could be called heavy gases.
(For exact positions and velocities, see Appendices III and IV of [10].) As
such, they would prove useful in simulating the earth's atmosphere.

If the force expression contains only repulsion, it is reasonable
to expect the resulting fluid to be gaseous in nature. This conclusion
follows from the fact that "at the molecular level a perfect gas is char-
acterized by the absense of intermolecular attraction." [7, p. 345] Fluids
2 through 5, which resulted solely from repulsive forces, do indeed have
the compressibility which is characteristic of gases.

Not all of the fluids given in Table II were run to stability. In
order to save time, some computations were stopped when it became clear

that a particular set of parameters was not moving towards a liquid.
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Table II
mean :
N H G W d o sep. KE/p. nature of density
1 300 |1 0 6 1.2 - .13 .46 irregular
2 267 |25 0 6 5 - .36 4,62 increasing downward
. - . .03 increasing downward
3 267 | 50 0 6 8.5 45 | 64.0 thin at top
- . .69 gradual increase
4 267 | 100 0 6 | 10 50 dounward
5 (300 |1 0 6| 3.5 - |-2 .28 increasing downward
6 582 |1 0 101 2.6 - .25 .33 irregular
_ increasing downward
! 300 |1 ! 6 2.5 24 03 irregular near top
_ gradual increase
8 267 | 100 .5 6 | 10 .50 .58 downward
increasing downward
9 267 | 100 10 6 9 - .48 .67 some irregularity
gradual increase
10 }300 | 100 75 6 5.5 2 .34 | 47.20 downward
11 {300 | 100 75 6 7 1.5( .40 | 34.54 irregular
12 1300 | 50 25 6 5 1.5| .34 [108.00 irregular
13 | 247 | 50 25 10 4 2 .43 3.45 irregular
14 | 300 | 50 25 6 8 2 .46 | 88.17 irregular
15 {300 | 50 25 10| 6 2 .46 | 86.87 irregular
uniform in mid-
16 | 300 | 50 25 6 5.7 1.51 .37 |264.49 cection
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APPENDIX I

FORTRAN PROGRAM
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VOOV LWN ™
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v
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L

«d
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THIS PROGRAM IS DESIGNED TO MODEL THE BEHAVIOR OF A FLUID IN A
CONTAINERs A LEAP~FROG FORMULATION IS BEING USED,
o

GGGQOQQGGOb69“06“”9##60&0#66#QﬁQOG&éQQGOQQQGQGG&DQDQ#GO#Q#OGQ66“#@06

INTEGER CF

REAL MASS

DIMENSION X(280),Y{2B0),VXt280),VY(280) ,FX(280)FY(280)
COMMON X,YyVX,VYsNPARTS ,WIDTHyHEIGHT ) TIME K¢ KK

COMMON /MNRTST/ CF

IF(LINKME(O3T7)oLTa0) STOP NOLNKY

IF(LINKME(136)4LT¢0) STOP NOLNK®6

PARAMETER DEFINITION

MASS=1,.0
DT=0,0001%
CTM=DT/MASS
NTIME=1000000

RESTART THE PROGRAM USING THE APPROPRIATE VSTARTING FORMULAY, THIS
PORTION OF THE PROGRAM REPRESENTS STARTING THE COMPUTATION AT K=0,

CALL RSTART

CALL FORCE(FX,FY)

DO 1 I=1,NPARTS
VYX(I)=VX(I)+0.54DTMaFX (1)
VY(I)=VY(1)40,54DTMaFY(])
X(I)=X(I)+DTaVXI(I)
Y0I)=Y(1)+DTaVY (D)

ADJUST POSITIONS AND VELOCITIES TO TAKE INTO ACCOUNT ANY
COLLISIONS WHICH HAVE OCCURRED WITH THE WALLS OF THE CONTAINER,

IF(IX(I)oaGToWIDTH) ¢OR(XII) ekTo0e0)sORe(YI{I)4lT40,0))
CALL CNTAIN(I)

CONTINUE

KeK+]
»> MOVE AHEAD FROM STEP K 70 STEP K+1 AND COMPUTE NEW POSITIONS AND
=> VELOCITIES,

D0 3 KKeK,NTIME
TIME=TIME+DT
CALL FORCE(FXyFY)

D0 2 I=1,NPARTS
VX(I)=VX(I)+DTMaFX (1)
VY{I)=VY (1) +DTMaFY (1)
X{I)eX(I)+DTaVXI(I)
YII)=Y (1) +DTavVY(])
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IF(QX(I)nGT.WIDTH)nopo(x(x,oLToOeO)QORe {Y(I)eLTe040))

s CALL CNTAIN(I)
2 CONTINUE

IF (MOD (KK ;501 .EQs0) CALL STORE
3 CONTINUE

STOP OK

END

SUBROUTINE STORE

STORE STORES THE MOST RECENT DATA AND PARAMETERS ON LOGICAL UNIT

NUMBER '35 AND 136,

!

XX 2-2-2-X-2-2-2-L 02 -X- X4

&

&

ﬁbQGGD#GQQG&&QQQQQOGG##QG#65&###@0QdﬁﬁbﬁlﬁQOOQQGQG§§§6§GQOQ§bﬁé##é#ﬂﬁ

INTEGER CFyPAR({20)

DIMENSION X(280),Y(280),VX(280},VY(280)
DIMENSION LUNFLE(2)yNF(2)

COMMON X.Y,VX,VY.NPARTS,HIDTH.HEIGHT.TIME.KpKK
COMMON/MNRTST/CF

DATA LUNFLE/'35,'36/

DAT

A NF/241/

i

L=KK

WRITE(?364,1) NPARTS,LsWIDTH,HEIGHT; TIME,CF

1 FORMAT(217,3E15.7y11)
DO 6 I=1,NPARTS

WR1

TE(134,2) XCI) oY U1 o VXTI VY (D)

2 FORMAT(4E1S.7)

6 CON
END
REW

TINUE
FILE 134
IND V34

CF=NF (CF)
LFLE=LUNFLE (CF)

REW

IND LFLE

ICHECK=0
3 READ ('34,4)END=5) (PARUJ) yJ=1,20)

ICH

ECK=ICHECK+1]

WRITE(LFLE %) (PAR(J)Jd=1920)
GO0 70 3
§ CONTINUE

IF(
END
REW
REW

1CHECK «NE (NPARTS+1) STOP 1
FILE LFLE

IND LFLE

IND 34

CLOSE 10
& FORMAT(20A3)
RETURN

END



111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
166
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
166
165

ODOOOOOO0

OO

o)

=21 -

SUBROUT I NE CNTAIN(I)

T Y XTI TR LAY Y TR R TR Y L TR Y T YY)
& ®
DAMP = 1,0 IF DAMPING IS TOTAL
DAMP = 0,0 IF THERE IS NO DAMPING
] &
GO RR RGO E RR RN BN RGN G OR RO RGO B RO ERIGRORBRBHAREBREARITO0D

DIMENSION X(280),Y(280),VX(280),VY{(280)
COMMON X, YsVXy VY9 NPARTS  WIDTH,HEIGHT , TIME j Ky KK

DAMP=0,9
Dl=0.1
Dl = 140 = DAMP

IF(X(Y},LE.WIDTH) GO T0O 1}
X{I)=2,00WIDTH=X{I)
VX{I)=~D18#VX(I)
VY({I)=DlavyY (1)
GO 70 2
1 IFIX(1)«GE(0,0) GO TO 2
X{I)zwmX(])
VX({I)==D18#VX(I)
VY (I)=D1aVY({])
2 IF(Y(I).GEWs0,0) RETURN
2 CONTINUE
IF{ABS(VX (1)) oLTeleOEw10) VX(I)=0,0
IF(Y(I)+GE.0,0) RETURN
Y(I)==Y{1}
VX({I)=D1aeVX{I)
VY(1)==D16&VY (1)
IF(ABS(VX(I))elLTeleQE~10) VX{I)E0,0
RETURN
END

SUBROUTTIINE FORCE(FKX,;FKY)

Y EE Y TR LT R Y Y T R R E Y R TR T PR R PR F O R S en
& &
FKX = FORCE ON PARTICLE IN X-~DIRECTION
FKY ‘2 FORCE ON PARTICLE IN Y~DIRECTION
2 CONSTANT OF REPULSION
EXPONENT OF REPULSION
CONSTANT OF ATTRACTION
EXPONENT OF ATTRACTION
L] ®
LT AR L RN AT R Y PR R Y R Y Y T PR T T e N N P N EE O g ey

DOP>»I
nnn

DIMENSION X(280)Y(2B80) VX(2B0),VY(280) ,FKX(280) sFKY {280)
COMMON X, Y, VX, VY )NPARTS yWIDTH,HEIGHT , TIME yK KK

DO )} M=1,NPARTS

FKX (M) =0,0



166
167
168
169
i70
171
172
173
174
173
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
20s
206
207
208
209
210
21}
212
213
214
218
216
217
218
219
220

OO0

DO

DTOOOD

->
-

>

>

L2

->
->

<>

“d>
>
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FKY(M)=0,0

CONTINUE

NPART1=NPARTS=]

DO 2 I=)1,NPART]

IPl=I+]

DO 2 J=IP1NPARTS
IF((ABS(X(TI})=X(J)) eBT40s25) ¢ ORe (ABS(Y(I)eY(J)})sGT,0.25)) GO TO 2
PARTICLES A DISTANCE FARTHER AWAY THAN 0,25 ARE NOT ALLOWED TO
INTERACT,

RIJ2=(X{I)eX(J) IO (X(I)aX{J) P4 (Y(I)=Y{J) )R (Y{D)=Y(J))

RIJ2 = SQUARED DISTANCE BETWEEN PARTICLE I AND PARTICLE J
IF({R1J2,6T.(0,0625)) GO YO 2 '

PARTICLES A DISTANCE FARTHER AWAY THAN 0,25 ARE NOT ALLOWED TO
INTERACT,

ONLY PARTICLES WITHIN A CERTAIN DISTANCE OF EACH OTHER ARE ALLOWED

TO INTERACT.

RIJ4=RIJ2#RIJ2

Zz=({ S0,0/RIJ4)w( 25,0/R1J2))1®1,0

Z={ (H/Re#A) e (G/RO#B) ) EMASS (T ) #MASS (J)
RIJ=SQRT(RIJ2)

FX2Za{ (X{1)=X{J))}/RIJ)
FYSZa({Y(I)=Y{J)}/RIJ)
FKX(I)=FKX({I)+FX

FRKX(J)=FKX({J)=FX

FKY(I)=FKY(1)+FY

FKY(J)=FKY({J)~FY

CONTINUE

DO 3 I=1,NPARTS

FKY(I)=FKY{I)=980,0

ACCELERATION OF GRAVITY = 980,0CM/S«&2
CONSTANT TERM = MASS®#980,0

CONTINUE

RETURN

END

SUBROUTTINE RSTART

LA L 22 L DAL LA LA D2 0 F 222 2.2 02 2-2-2- - 2.2 X 0 -2-2-2-2. .2 . X -X-F- 8. ¥

&

L]

L]

RSTART READS THE MOST RECENT DATA AND PARAMETERS FROM LOGICAL UNIT

NUMBER 33,

o

BOGR GG IBARPHORERORORHRGR RN BORBERDERR BV OOBEROBORADEROERNRBRBIRRDONG

INTEGER CFyPAR(20) .

DIMENSION X(2B0),Y(280),VX(280),VY(280)

COMMON X,Y) VX, VY, NPARTS WIDTH,HEIGHT, TIME,K KK
COMMON /MNRTST/ CF

REWIND ¢33



221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
236
237
238
239
240
241
242
243
264
245
246
267
248
249
EOF e,

9
80
81
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REWIND 35

REWIND '36

ICHECK=0

READ(1'35,B0,END=2) (PAR(I)sI=1,20)
ICHECK=ICHECK+1

WRITE(133,80) (PAR(I)sI=1,20)

GO T0 1

IF{ICHECK.EQ,280) GO Y0 5

ICHECK=0

REWIND 33

READ(136,80/,END=4) (PAR(I)yI=1,20)
ICHECK=ICHECK+1

WRITE(933,80) (PAR(I),I=1,20)

GO To 3

IF{ICHECK,NE,280) STOP &

CONTINUE

REWIND 33

READ(133,81) NPARTS,KyWIDTH,HEIGHY,TIME,CF
DO 6 N=1,NPARTS

READ(133,9) X(N)sY (N} VX(N)VY (N}
CONTINUE

IF(CF.EQ.,0}) CF=l

FORMAT (4E15.7)
FORMAT (20A3)
FORMAT (21743E15.7,11)

RETURN
ENDs
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APPENDIX II

EXACT POSITIONS AND VELOCITIES OF
PARTICLES OF FIGURE 1.



«5580E+01
21010E+01
¢6848E+01
e 1264E+0]
e4311E+01]
«8873E+01
0 3292E+01
« T863E+01
¢1517E+401
«60B8TE+01
«B1185E+01
+1000E+02
02533E+01
o 4564E4+0]
o 1T7T2E+01
s TST6E+00
e T354E+0)
e T610E+01
«3040E+01
«B621E+01
«5045E+00
¢ 3545E+01
¢3802E+0)
¢ 2T8SE+01
e 252BE+00
e 22T6E+01
«B8369E+01
09374E+0)
o T103E+01
¢5323E+01
W4819E+01
«2025E+01
¢6339E+0]
e4603E~04
+4053E+0]
¢ 5831E401
g9123E¢01
o 6596E+01
0 9624E+01
+5072E+01
+9TS5E+01
¢ 5959E+01
0 1644E+01
2 4693E+01
«1900E+01
¢B8244E+01
¢9499E+01
e 69TTE+0]
e 1262E+00
s D4S3E+01
e 1136E+01
e 2403E+01
e9247TE+01
«BBSLE+00
+B493E+0]
«6465E+0]
e 4440E+0]

- 25 =

+1035E=05
«108B9E~05S
«180BE~05
«e3705E=«05
«3991E~05
L0 TGE=0S
«4636E=05
+5232E=~05
«5390E~05
+D643E=05
«5679E~0S
+6378E=-05
¢6TG1E~0S
«7T103E=05
« 7293E=05
s 7557TE=05
e B4)19E=05
«8523E=05
¢ 1534E=-04
¢ 1B4SE=~04&
¢ 3566E=04
«3679E=04
e 3B36E=04
JHUBO1E=~04
c4BULUSE=04L
«6236E=04
¢ T939E=04
0 9540E=04
2 1023E=03
«1032E=03
«1040E=~03
«1041E=~03
+1070E=-03
2107BE~03
e1198E=«03
+1287E=03
«1513E=03
«1854E-03
«1923E=03
«2114E+00
«2136E+00
«214TE4+00
W 2148E400
2« 2148E400
2 2149E+00
«2151E+00
2 2154E+00
W2156E400
«21STE+00
«2160E4+00
+2161E400
«2169E400
«21T2E4+00
«217T5E+00
2 21TTE+0O0

VX

« TT60E+00
nOOOOE#Ol
«0000E+0]
+0000E+01
- 6929E=06
o 6649E=02
-oa6834E-08
s T404LE=06
+0000E+01
e 4332E~01
«6268E=09
«2528E=-07
«0000E+01)
~a T046E£-08
e 6TEO0E~OT
-o6962E=N4
«0000E+01
« T481E=04
~e®l103E=04
-y 6T9GE=07
-y 6953E=02
+6BTEE=0]
«T7T41E=01
-e T336E=~01
«7543E+00
- 68T3E~01
«2620E=~02
- lJ41TE+0O
«T0T1E=~01
«6160E=-01]
« T054E=-01
«TO43E=-01
¢ 3056E~03
«6281lE=02
«6B4E6E-N]
- 4BITE=02
- I536E+00
«6T36E-01
-y 3535E=02
=-e1101E+01
-y, 2804E+01
-o1293E+02
¢ TST9E+00
2 1621E+01
-, 6191E+01
+1826E+01
«2594E+01
-,1016E+01
-,8578E+00
~ey316TE+0]
- 2693E+01
2 B4TE6E+OL
«4353E+01
+4936E+01
=, 1270E+0]
-y TB11E+00
e 3445E+0]

vy

=e9628E400
+BGO0YE~O2
+BS0SE=O2
«8909E=~02
«890GE=02
=4 1488BE+00
+8B909E=~02
-4B019E~01
«B8909E~-02
-, 1856E401
+BO10E~02
+92TTE=02
=3 B018BE=01
2»8B90GE=02
+R911E=02
«B90SE=02
+890%E~02
=¢B08TE=01
e 1T14E=Q1
= T12TE=01
W4811E~01
+1120E+00
e 2B6TE+00
- 2765E+00
- 9583E+00
~e893TE=-01
+2056E+00
«2155E+00
«1075E+00
+1179E+00
«108B3E+00
+108T7E+00
«7421E~02
«1152E~01
¢+ 1124E+00
«2061E+00
- 9652E+00
-, 28BSE+00
+2063E+00
-y 1TTOE+0QO
- 6026E=01
«3520E+01
-ysB868lE+01
~o3314E+01
- 4237E+0]
~es1290E+01
«30B5E+00
s 44BTE+O0]
- 4029E+00
24342E+0)
-e3435E+01
w,2016E+01
~s1215E+01
=s1517E+00
«2033E+01
¢+ TO9SE+0Q]
- 1536E+01
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03428E+01
¢6333E+00
e6212E+01
¢ 7988E+01
«B8997E+01
«5203E+01}
¢ 37BOE+00
¢« 3935E+01
¢ST12E+01
o T4B4LE+O]
¢ 290BE+01
o6T21E+01
e&183E+01
¢ 2653E+01
e 3676E+01
¢ 4945E+01
e 2150E+01
¢3159E+0])
« TT41E+O0]
.13895*01
eBT4SE+0]
e T229E+01
¢ 1000E+02
e 9638E+01
24566E+01
¢ 4293E~04
2 2020E+01
a2513E+00
2 4055E+01]
+1520E+01
«3289E+01]
.5577E¢01
«1002E+01
+4818BE+0]
e 227BE#0]
¢ 3551E+01
«6596E+01
¢5327E+0)
«5839E+01
+5021E+00
«S0T1E+0]
« 1538E+00
«8370E+01
«BBTSE+01]
¢6340E+01
e9129E+01]
¢ 2533E+01)
«9385E+01
«68BS0E+0]
e 1261E+0]
¢6092E+01
+3803E+01
¢ T609E+01
«1T7T0E+0]
o4309E+01
eJ045E+01)
¢« 7TB6OE+0]
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J

+217TTE+0O
«21T7TTE+00
«2180E+00
+2180E+00
+2182E+00
«2182E+400
221B2E+00
s 2184E+00
+2189E+00
2 2189E+00
+2192E400
02193E4+00
«2194E400
«2196E+00
«219TE+00
«2201E+00
+2205E4+00
0 2209E+00
22213E400
2 2223E+00
«2258E+00
«2279E400
«2503E+00
s 4249E4+00
+4310E+00
«4313E4+400
04316E+00
+4324E4+00
+432TE4+00
«4328E+00
«4339E+00
«4341E400
+4345E400
+4351E400
+4353E400
s 4355E4+00
W438TE+00
«4360E4+00
h362E+00
W4363E4+00
«4364E400
W4366E+00
«43T2E+00
«43T6E+00
+43TTES0O
+437BE+00
W4392E+00
e 4392E400
«4393E+00
«4394E+00
+4396E+00
24399E4+00
+4412E+00
«4415€E400
+4420E4+00
«442TESQO
24432E+00

vx

+1060E+02
¢ 33T4E+0]
«2114E+01
w¢e3930E+01
-eB1l17E+00
e 2260E+401
e 2503E+01
+33S3E+01
o 3197E+00
- 3995E+01]
e 1943E+01
W 3T61E+00
-, 2525E+01
-, TH4I0E+0]
«3504E+01
wo5614E+01
«1531E+01
~eS513TE+0])
+3554E4+01)
-, 5029E+01
s2411E+01
«3490E+01}
~¢1154E+00
« T596E+01
o 5307TE+00
«1134E+00
«2939E+01
« TB93E+00
-, 2T1S5E+00
«1505E+01
-, 222BE+01
-o,2B40E+01
«¢3360E+01
«3080E+01
«2907E+01
s 1S34E+01
we 127T9E4+00
+6322E+01
we1213E+01
«4611E+01
0 3345E+00
«6286E+01
we2l19E+01
«19T0E+0])
+4496E+401
¢ 3420E+01
«6284E+0])
~,6228E+01
-, 7286E+00
0 3239E+01
e 2B46E+01
- 2460E+00
-y T220E401
+ 3802E+01
+2690E+01
we1014E4+02
«2802E+01

vy

«3785E+01
- 6543E+00
»1053E+02
-y, 2622E+01
~w,68517TE+00
=, 56T2E+01
2+ 3725E+01
+2612E+01
we1931E+00
-,1031E+01
«296TE+0O0
+3233E+01
«,2385E+00
-+3101E+01
« 7T239E+01
s T176E+01
244TE+0]
«3167E+00
-~ 498TE+0L
-y 38B64E+01
0 1223E+00
- 8590E+00
«1154E=01
- 4983E+01
«2BTSE+01
-.1273E-01
-y 22B2E+01
-, 5008E401
=, B4TSE+D]
-e3524E+01
- 6618E+01
s TTS2E+01
-, 828B4E+01
2 3326E+01
-y SO4G4EHD]
—~eaB890E+01
W4241E~01
-s8165E+00
wy3767E+01
+1039E+01
+2B62E+01
«1293E+401
-, 22THE+01
-y 1221E401
+2139E+00
=~ 66S1E4+00
+4BOTE+O]
+6604E+00
+510BE+01
«1203E=~01
«8T16E+01
-¢5323E=03
+B0B4E+0]
+53TSE+01
«9S16E+00
«,7B90E+01
-,5128E401



X

e2796E+01
o T108E+0]
«B8625E+01
eB112E+01
o 7360E+01
¢9997E+01
«9TT4E+0)
0 3419E+01}
.1241E+00
«9523E+01
e 3T34E400
e214TE+01
¢ 4693E+0]
¢1125E+01
e6T23E+01
e5204E+01
«STI10E+01
0 4437E+01
#B734E+00
«6243E+00
e 2408E+01
0 2664E+0]
e6232E+01
e 1642E+01
o S4TTE+0)
«4945E+01
e 5454E+01
+8TS1E+01
¢9010E+01
¢31T4E+01
¢5962E+01
+6983E+01
93919E+01
e B24TE+01
«1380E+01
+3666E+01
e TT4SE+0]
e1891E+01
e T4OBE+01
¢ T239E+01
¢B499E+01
«9268BE+01]
+B00JE+01
e 2922E+01}
2 H4172E+0]
¢1000E+02
.19775“03
0 247TBE+00
«S50TTE+0]
+456TE+01
¢ T499E+00
s 2276E+01
¢ 9981E+00
¢S5008E>00
26601E+01
+9683E+01
«4BITE+O]

- 27 -

y

+4435E400
s 445BE+00
«O4b4TOF400
W4539E4+00
«S5001E+00
«638B3E+00
«654TEE+0O
«64TBE+00
«e6494E4+00
«6503E400
«6518E+00
«6524E400
+6831E+00
«c6534FE+00
«6535FE400
«6550E+00
«6554F4+00
«6558BE400
«e65560E+00
o 6562E+400
s 6569E+00
«65T73E4+00
«65TS5E+00
«65TTE4+00
W65TTE+00
«6583E+00
+6593F4+00
«6603E+00
«6616E+00
+6616E+00
«6631E+400
+6633E4+00
+6639E+00
+6642E4+00
«664TE+00
+664BE+00
«6661E+00
+666TE+QO
«6693E400
«BT14E400
e6T20E+00
«BTTIE+0O
«5TB3E+00
«6788E4+00
¢ 7511E400
«B638BE+00
«e86TSE+00
«BT05E400
«BT23E+00
«BT24E+00
+87T26E+00
«BT31E+00
«8T39E4+00
«BT45E4+00
«BTULEE+00
+8T4TE+0O

X

4161E+01
«9338E4+01
+B396E+01
-e1993E+01
~s1464E+01
- BTTLE+DO
“ s 46IBEF0]
wy T239E+01
¢ 1463E+01
=, 48B34E+01
162T1E~01
-ebBSTIE+0]
W 2269E+01
-, 1020E+01
- TELEE+N]
~.20T7TTE+D1
-4+1338BE+01
~e1096E+02
~+1180E+02
«6T32E+00
-4 1298E+0]
e 3915E+01
2 S4TEE+00
- 46L1E+DD
~s9123E+01
«1526E+01
~s4101E+01
«8352E+01
-~ 2892E+01
-~ T208E+01
-y 3039E+01
CT114E+01
- GIT3EH0]
~ s 6B44E+00
~¢18B6E+01}
«2063E+01
e ST4LOE+O])
-e3587E+01
~¢3923E+01
«1471E+02
«3116E+01
-4, 1383E+01
-, 3148E+01
=y T2TO0E+0]
-y 1871E+02
=~ 4643E~-01
s 2292E+00
+3088E+01
-.1978E'0'01
v F426E+00
«437BE+01
-~y 6290E+00
-y 2942E+01
»1965E+01
- 1727E+01
-~y 255TE+00
s 1202E+02

vy

s 1609E+01
- BB832E+01
=4B8907E+00

2 T933E+01
~,1263E401
= 4066E+0]

¢2357E+01

+8553E+00
-¢1224E+01
=~ 65T4E+01
~-e2044E+01

«3954E+01

«BT92E+01

s 1692E4+01
=,1864E+01
=,B840E+01

s4234E400
~e5132E+01

e A0T76E+00

0 2202E4+01

«31T7TTE+00

2« 1055E+02
~,8019E+01

2 1706E4+01
=y 27T6E=01
=-o1027E+02

2 T4E4E+0]
=-+3758BE+01

0 6644E+D]
™y, T296E+01
-y T4S1E+01

2 1020E+02
= 4S5TOE+OQ1

«404BE+01
-y 4436E+01
-~ 2052E+00

+4830E+01

2 248B0E+01

e1417E+01
-, ]769E+01

26 TH44E+D]

e2611E401
~s1925E+01

+5765E+00
-,2152E+01
¢ 17T43E+01
=e127T9E=01

«2221E+01

+B6BOE+00

«8T49E+01}

+3T4LOE+0]

+5943E+01

W 2638E+01
-, 3726E+00
=4611E+01

e2152E+00



X

e 5582E+01}
¢5324E+0]
2 2TB2E+0)
e6086E+0]
e 2525E+01
+1508E+01
¢ 3286E+01
.91“0E+01
o T365E+01
«B8363E+0]
01258E+01
0 4326E+01
¢ 2027E+01
¢5835E+01
«8891E+01
s 17TS8E+0}
s T614E+01
Q35“55+01
e9401E+01]
s TBE6E+0]
s T112E+01
«8l117E+01
e4064E+0]
«3035E+01
¢e8619E+0)
¢3808E+0)
e6346E+01
¢6855E+0]
«1000E+02
e1202E+00
«5202E+01
«268BE+0]
eBT24E+00
25694E+01
¢3699E+00
e2405E+01
o1116E+01
«468TE+0)
c4952E+0]
01630E40)
06232E+00
¢1376E+01
09287E+01
¢9017E+01
e6698E+0]
e T991E+01
0 9538E+01
e 2185E+01
¢6200E+01
¢e3164E+01
¢5946E4+0)
e T226E+0]
«1907E+01
e 3674E+01
¢ B4Q1F+01
e%433E+01]
e2906E+0]
e H179E+01

- 28 -

b 4

+B754E+00
«8762E+00
+8800E+00
+8B11E+00
«BB20E+00
«BB22E+00
«BB23E+00
+8839E+00
«8840F4+00
«B88S6E+00
«8B856E+00
«B8S9E+NO
«B8B61E+00
«8866E+00
+8888FE+00
«8893E400
+8913E400
+B926E4+00
«B927TE+00
+8954E+00
e« 9003E+00
+9040E4+00
«9053E+00
«3061E+00
«S08TE+00
«9105E+00
eF121E+00
+1001E+01
«1083E+01
«1090E4+01
+1091E+01
«+1091E+01}
«1093E+01
¢1093E4+01
«1099E4+01
¢1099E4+01
«1100E+01
«1101E+01
«1102E401
+1102E4+01
«+1105€4+01
«1105FE401
«1106E+01
+1106E+01
s1110E401
«1111E+01

"+1112E401

+1112E401
«1116E4+01
«1116E+01
«1116E401
¢1116E401
«1120E401
«1122E+01
«1122E401
+1124E4+01
«1128E+01

vXx

«52B2E+0}
=, 1078E+02
W 224TE+D
«1308E+01
-, 2855E+01
21994E+01)
~¢e3710E+01
W 4264E40)
= 5459E+01
-,8493E+00
«342T7E+01
2 3689E+01
e 5186E+0]
«2303E+00
~¢1490E4+0)
-+6995E+0)
-, 3382E+0}
~sT1S2E+00
~¢6216E+01
~.519BE*01
«2002E+01
W 4254F+01
~sl1179E+01
c4181E+01
«TB801E+0]
-+ 1831E+01
~4 TO4QE+00
e 5624E+00
-y, 8B55E=0]
~.1068E+0]
~+1753E+01
v4015E+0]
-4 4509E+01
= T343E+01}
«2651E+01
~¢5002E+01]
=y 1047E+01]
c4TTIE=~01
+343BE+01
8T6TE=01
«3436E+01
«3812E+0]
v4525E+01
e 4265E+01
~:219T7TE=n}]
«6T768BE+0]
W 4360E+00
e 2480E+01
24369E+01
= 9527E+01
e4165E+01
=4s2917E+01
«1923E4+01
«3990E4+401
¢+2010E=01
-46286E4+0]
+3399E4+0)
=y, 1166E+02

vy

~e¢3232E+40]}
~¢3021E+01
= 2528E+01]
e T149E+01
e 260TE+0]
+8953E+00
e 1334E+0]
~B254E+0]
~e5534E4+01]
«2520E+01
~+3919E4+01
'3573E+01
=¢3873E+01
245T4E+0]
+1169E+02
+3153E+01
¢ 94T4E+00
+58T0E+0}
-e3465FE+01
«1398E+401
«2081E+01
«1587E+01
«1008E+02
+9615E+01
+6855E+01
= 1946E+0]
e 2873E+01
e 1238E+02
= 4S8TE+00
«37T71E+01
-+8044FE+0]
=¢3096E+01
~¢3843E+0]
-+ 6E9B2E+00
~¢5454E4+01)
~-e4924E+0]
=+1081E+01
=-.1019E+02
+5935E+01
-+ T4S0E+01
-01304E¢01
«3136E+00
= 8T45FE+01
~e1086E+02
o 6T1TE+01
=4,3679E+01}
~+3245E+01
=, 4892E+01
=-.8783E+00
=¢3158E+01
~eT17SE+01
-sB450E+00
=y1182E+01
=s1128E+01
«3509€E+01
-s2024E+01]
-+1319E401



> 4

¢ 9785E+01
03931E+01
o TTGTES0]
0 3406E+01
o T4B3E+01
¢BTS3E+01
eS5440E+01
«B8241E+0])
+6449E+01
o 6979E+01
e1000E+02
.2511E'04
«2509E+00
e1773E+01)
e1519E+01
e 5263E+01
e 9149E401
o T835E+00
s 1259E+01
¢ S320E+00
¢ 4885E+01
¢3557E+01
¢ J326TE+0]
¢ @614E+01
e 2438BE+0]
¢3815E+01
«8885E+01
e T20BE+O01
e 269TE+0]
«2030E+01
eBT10E+01
e 9T75TE+01
cB0T9E+0]
06170E+01
¢ ST86E+0]
e T9B9E+01
«8598E+01
o TT3%E+0]
e 4360E+01
«B250E+01
0 6423E+01
294T2E+01
e T4E60E+0]
¢1019E+01
0 2970E+0)
¢ 5493E+01
«e9999E+01
«697TE+0]
¢c6T65E=~02

- 29 -

b J

+1132E4+01
«1136E401
«113BE+01
«113BE+01
+1160E+01
e1142E+401
«114BE+01
«1154E4+01
«1156E+01
«1172E401
«1252E401
«1299E4+01
«131BE+0O1
¢ 1329E+01
«1333E+01
«1336E401
s 1341E401
«1342E+01
«1344E+01
013455+ﬂ1
+1351E+01
«1353E+01
¢ 1356E4+01
«1357TE+01
«1358E+01
«1358E+01
s 1364E+01
«1368F+01
«1370E+01
«137T1E+01
e 1376E+01
«1378E4+01
-13795#01
«1385E+01
113895+01
«1390E4+01
«1399E+01
.1“03E+01
«1405E401
«1411E4+01
«1615E401
e1415E+01
«1423E+01
e 1424E401
v 1428E+01
«1430E+01
+1503E+01
«1514E401
e1549E+01

A 29

-o4160E+01
- 2B95E+01
=, 6630E+01
«1061E+01
-, 2701E+01
4G TOE+0]
w9296E+01
~,2888E+01
e 2334E4+01
e 5354E+01
«95TSE+00
e6013E=01
- 4326E+01
+6521E+01
+1481E+01
01607E§Ol
~,4420E+00
c1490E+01
¢ 3413E+01
+2889E+00
« 5436E+00
-o9324E+01
03056E+01
wo3406E+01
V3944E+01
- 2846E+01
-e354TE+01
-elB506E+01
- 9083E+01
~ o 4534E+0]
«S03T7E+01
-, B266E+00
2« 4498E+D1
»oa3666E+01
- e 3249E+01
-, 3804E+01
-y, 4892E+01
~,2093E+01
«3262E+01
=,8392E+01
«6396E+01
4G91E+O]
= B4OGE+0O]
+4B0GE+01
+418B2E+01
«4813E+0]
-a1193E+00
+B306E+01
«8Bl6SE+00

vy

=y3916E+01
« T365E+01
- 4946E+01
-,361BE+00
«346BE+00
«9234E+01
-, T206E+01
-~y 1293E+02
- 36S4E+0]
~e1394E+01
«6TOTE+00O
e IB34E=02
-e1484E+01
-y380BE+01
-+«9733E+01
-e1608E+01
«224TE+0]
«2522E+01
~,1026E+01
-s1019E+00
o 130TE+02
+1171E+01
«4603E+01
-,8006E+01
-, 6204E+01
+4B815E+01
o2977E+01
~s1061E+02
-,1227E+01
=, 6666E+01
~e,1346E+02
2 9666E+00
+6053E+01
+6173E+01
=,286lE+01
= 22T75SE+01
«5438E+00
=, 5695E+00
-, 1640E+0]
=,1317TE+02
«164TE+01
«9245E+01
¢4THGTE+O}
s 1925E+01
«S066E+01
+B8445E+01]
«1065E+01
-, 545TE+01
+1509E+01



- 30 -

APPENDIX III

EXACT POSITIONS AND VELOCITIES OF
FLUID #4 IN TABLE II



¢0000E+01
o2TTTE+01
¢3336E+0)
04503E40]1
03293E+01
01243E4+01
20000E+01
+1905E+01
¢3685E+0)
¢S5155E+01
s1821E+00
s6000E+01
06000E+0Q1
¢3082E+01
04662E+01
04322E+01
e4535E4+01
e5B81TE+01
¢0000E+01
¢0000E+01
22509E4+01
+3784E+01
21630E+01
22901E401
¢e9304E+00
¢3557E+01
e2734E4+01
¢1922E+01
¢5628E+01
¢S5166E+0]
02221E+01
e 2583E+01
e4T01E4+01
e 2521E+01
¢6000E+01
+6000E+01
¢6000E+01
+6000E+01
¢1330E+01
¢3983E+01
¢5392E4+01
¢38553E+01
e2108E+01
e5456E+01
+S507S5E+01
e3157E+01
¢6000E+01
e6456E+00
24428E+0])
«2504E+401
¢0000E+01
¢3501E+01
22053E4+01
eS24TE+01}
¢6000E+0)
e85114E+01
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«5116E+01
«S529T7E+01
«3587E+01
«0000E+01
«6280E+01
«1493F+01
«3260E+01
«0000E+01
«8196F+01
+0000E+0]
«2510E+01
«3050E+0]
«2188E+01
«0000E+0V1
«4TOTE+00
«308BSE+01
+0000E+01
«2506E+00
«22B0E+0)
«0000E+U]
«428TE+01
«48B4TE+00
+0000E+01]
«8685E+01
+6054E401
+B8STE+0QO
+0000E+01
«0000E+01
ol“EOE*Ol
¢+ 1788E+01
«21085E+01
«163BE+01
2 4BT2E400
«85T7BE+01
«1726E+01
«3605E+01]
»1050E+02
+2001E401
«3224E401
«5373E+01
¢+ BS63E+01]
W4354E% 01}
«36R4LE+0)
«2367E+401
4152E+01
«388QE+01]
+5934E+01
«9731E+01
«1327E401
«3664E+01
«6T4SE+0 ]
«1314E401
W T424E4+01
«19B4E+01
+3042E+01
«894BE+00

VX

«1078E+00
-+ 2990F+00
=e1939F+00
=e4623E400

«7153E-03

«1B19E+00

W 2729E+00
=¢5983E=01
- 4292F 02
~+8128F+00

21192E«03
-e2189F+00
‘01984€+00
-¢3898E=-01

«0000F+01

«1887E+00
-s66381E=01

v 4T768E-03

¢eS609E+00

e2322E4+00

«0000FE+01
~-+2607F+00

+2387E=01
~e2384E~03
= ¢3379E+00

0 2987E+00

«24T6E+00
~s3576F~03

e 0000E+01

«1545F=01

W1619E+00
-¢38BBE=Q1
~e7210E~01

+2012E+00
~e4005F=n]
~-e2642E+00
=« 1764E+00
=+3060E~02

24448400
-+ 2535E+00
-e9982E=-01
=~eS288BE+00
=244 06E+00
~+9003E~-01
-e4963E-0]

¢ 3992F+00
-¢1636E+00
-e6146E=01

24842F+00

2 2576F+00

«1795E+00

¢ 4603E+00

e 204TE+00
-+ 4783F+00
-e2441E+00

+3020E=01
»e3T45FE=01

vy

+8583FE=02
«T128E+00
«2060E+0]
s1722E-01
e 2951E+00
«6555E+00
«23B4E=02
+2715E+00
e294TE+00
2 1620E+01
«5636E+00
«4TEBE=02
¢5960E~02
«2469E+00
«9281lE~0Q]
e 1354E+00
+5T05E+00
«e9239FE=03
«3576E~-02
«2971E+00
+1131E+01
«3357E-01
v 2960E+00
e1914E+401
«6208BE=~01
+3001E=-02
«29T4E+00
e 3938E+00
«2001E+00
«5859F=0]
2214E+00
«2498BE+00
«1201E=01
¢1049E-01
«3099E=02
16914E=02
«2861E=~-02
«1867E+00
«1120E+01}
«B24TE+00
+2075E+01
«2TQ4E+00
«2BT2E+00
«24B2E+00
«9712E+00
«T153F=02
¢1218E+01
+3190E+01
¢3T95E=02
+5960E=02
«52B3E+00
eb4431E=01
e2303E+01
¢ J695F =02
v1610E+00
«5905E=0]



2 1825E401
¢S051E+01
e 7S4TE+00
+1880E+01
«0000E+01
+0000E+01
e 46T4LE+D]
o 408B9E+01
+G630E+01
«0000E+01
+6000E+01
¢ TTITE+0O
«6000E+01
¢ S5623E+00
e6000E+0}
.3881E*01
21470E+01
$3754E+01
¢6000E+01
s41T72E401
+3583E+01
¢ T2B9E+00
+0000E+01
+H948E+01
¢0000E+01
04225E4+01
2 29T4E+01
+2785E4+01
»0000E+01
e551TE+01
¢e6000E+01
e40TEE40]
+1599E+01
24911E+01
+6000E+01
«4B18E+00
+5318E+01
+8901E+00
«S5533E+00
04396E4+401
¢e4894LE+0]
¢9480E+00
+1015E+01
«0000E+01
¢e541TE+01
«0000E+01
e2696E+01
24007E+01
¢3752E+01
e9182E400
¢ 3097E+01
¢543TE4+01
¢1764E401
02117E+01
¢5184E4+01
+8132E+00
¢1726E401
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02723E+01
«0000E+01
«0000E+0]
«6588E+01
2 9691E+01
«2014E+01
e TO12E+01
v 2220E401
«2568E+01
WH246E401
+9959E+0)
«7948E+01
«T7256E+400
«0000E+01]
«B8169E401
«0000E+01
«3584E401
+8019E+0]
+6691E401
«2T0BE+01
«2237E+01
«7242E401
«1752E+01
e3920E+01
«8341E+401
2 1744E+01
«€410E+01
«1702E+01
«3952E+401
«2171E401
«4BLRE+VO
«0000E+0]
e 1241E+01
2 445T7E401
e1219E+01
+B363E+00
+6T12E+0]
«1311E+01
«4182E+01
«4141E+01
«2099E+01
«0000E+0]
«38%1E+01
01237E¢01
W4T7T3E+01
«3379E+01
«4540E4+01
«375S5E+01
«1T78E+01
«2304E4+01
«0000E+01
+0000E+01
«5909E+01
«0000E+01]
«0T9GE+00
«4T26E400
«0000E+0]

2 7638F=01
«0000E4+01
e5364FE-03

- 2454F=01

«2000E~01
«24T0FE+00

~s65T3E=01
-e2322E-02
-e2295F+00

«1579E+00

-e¢1431E-01

«3193FE+00

~+3214E400

¢5364F =03

-~e4911F=~01
-e23B4FE~03
e 2523E4+00
-2 4994F +00
-.8583E~01
~e25T6E+00

«2572F~01
«3425E+00
«2618E+00

-+ 1302E+00

24T41lE=0]

~¢1532F+00

«e3214E+00
2 4907E=01
«1634E400

~¢2545E=01
-e3772E400

«3815E=02
+5048E-01
¢3357E~01

~+¢2937E4+00

+3959E=~-01
+5891€=01

-+s1067E+00

«52B6E+00

= s40B3E=~01

«2980E=-03

= 2658E+00

«2915E+00
¢1369E+00
«1835E+00

- 2631F+00
-el24TE+00
=e¢9517E-01

e 636TE=01
«2384F-03
W4TEBE=03
22921E400

-4 T6BF=03
-~ 93975F=~01

«1015%E+00

~¢35T6E=03

o 2244E+00
v 321BE+00
«3301E+00
+8165E+00
+S5T722E=-02
¢3099E=02
e1167E+401
«STO2E+00
2 1546E+400
W66T6E=0R2
2 5T722E=02
«1189E+01
«l490E=02
«34BTE+00
e1049E=01
«3036E+00
«202BE+00
v 1163E+01
«1049E=01
2 T443E+00
W4BTOE+QO
c147BE+01
+2623E=02
+13BlE+00Q
«9537E-02
¢ 4209E+00
«1386E+0]
«1357E+00
«HE6TEE=D2
0 224T7TE+00
el1073E=02
+298B9E+00
«1599E+00
v 38B23E+00
«1788E=-02
+2386E-01
«2001E+01
«1651E+00
«6131E+00
cBb4G2E+00
«205TE+00
«3159E+00
«e1641E+00
21907E~02
W 4334E+00
«5484E=02
«4TO3E+00
2 1592E+01
«3680E+00
W1270E400
«2941E+00
¢3460E+400
o T58TE+00
«3005&+00
2413E«01
e 5680E~01
«3000E+00



2+ 0000E+01
21941E+01
«0000E+01
22209E401
s4549€401
+0000E4+01
e3910E+01
¢e4000E+01
¢e2305E+01
e6000E+01
¢+6000E+01
e3214E4+01
e 2437E+01
2 3293E+01
01066E+01
e3489E+01
2 0000E+01
e 6T93E+00
«0000E+0])
¢+ 0000E+01
¢1701E+01
0446BE+01
¢ 20TTE+O1
+0000E+01
+9451E400
¢3016E+01
e 9T723E4+00
v5816E+00
03334E+01
e1315E+401
eS5244E4+01
¢6000E+01
¢5365E+01
e 5297E+00
e 0000E+01
24282E4+01
¢6000E+01
+0000E+01
«0000E+01
e 0000E+01
¢ 2992E+01
¢ 0000E+01
+5550E+01
e 4860E+01
«0000E+01
«0000E+01]
+64901E4+0)
¢38T4E+01
2 0000E+01
«3712E+00
¢e6000E+01
+2567E401
e4360E+401
+5118E+00
¢S54098E+01
+8B36E4+00
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«1080E+02
«7307E+01
+6B816E+01
«2391E4+01
W TTE69E+01]
« T365E+00
«1319E+01
» T289E4+01
«5534E+01
+B019E+01
«0000E+01
«2683E+01
«344R8E+01
J46RRE+ V]
s 444BE+0)
+0000E+01
«1140E+02
«6568E+01
26LBTEFV]
W6128BE+01
«S528RE+01
«0000E+01
«4B1SE+00
+T1T6E+01
+B630E+00
+2813E+01
v 8255E+01
e 3346E4+01
s 4T4SE+Q1
«99085E+01
«6966E+01
«0000E+0]
«1112E+402
«6020E+01
«3636F+01
2 2549F+01
«S958E+01
W DGE6TES(]
W 1244E+C2
L 4919E+00
«9212E+01
s 12R6E+01
+3099E+01
W 124TE+01
+S5665E+01
e TS4O9E+0]
«9849E+00
e 5026E+01
«4B20E+00
2 2822E+01
+0000E+01
+H6351E+0]
¢3992E+01
W127T7E+01
+3107E4+01
2 265TE+D]
«BBGEEE+0Q

¢T311E~02
-.5661E+00
¢B196F=01
2 2083F+00
-e1289F+01
«3265E+00
e 7618F=01
~e3216F+00
=s2111€-01
~e1044€+00
~e21T4E+00
~¢108B7E+00
~e8363F=D]
-+s6489E4+00
~-¢3658F+00
«0000F+01
04224F =02
«2371E+00
e9141FE~01
¢9906E-01
«5096E~01
~e9537E-03
s 7390E~01
e TL4EEE~01]
¢ T528E-01
+8043E~01
¢ 2940FE4+00
-s9985F=-01
¢ 384TFE-01
- ¢349]1E4+00
¢ S547TTE=-01
«4T768BF=~-03
~e5722E-02
~e2975E=01
-e3262F=~01
2 2232E400
= 2289F~01
+2350F=-02
e 38B03FE+00
e 2T4B8E-~0Q1
«1843F+00
«2008E+00
~¢3680F-01
~e T254FE=~01
2 6578BE~0]
«3017E+00
e 3903F+00
e 2435E400
«2059F+00
v41T2E-03
=+9155E«01
-4 1258E400
+ 6922801
2 1430FE-0]
~e2572F=01
2 1564FK4+00

-¢9537E~03
s1164E4+01
+9537€=~02
¢5102E+00
21478E+01
21371E=02
+3039E+00
+98B3T7E+00
«5833E+00
«1001€E~01
«1043E+00
28745400
2 T102E+00
+1581E+01
«3953E400
«2991E+00

~¢858B3E=02

e1364E+01
¢ 9060E~Q2

«9060E=02

« TS5SE+00

«3054E4+00

«8T7T92E=~01

¢9537TE-02

+1099E+00
+1525E=01

«9810E+400

«6S50TE=02

«S339E+00

«2017E+01

«9216E+00

«3234E+00

+9537E=03

+1132E+0]

«e3414E+00

e4053E~02

+1202E+01

W T629E=02

e 22B9E=01]

e 1252E=02

« T629E=~02

1 2755E=01

e S00TE~Q2

+9363E-01

e 9112E+00

e 9537E=02

«1431E~02

e 259T7E+00

v 2265E+00

»4530E=-02

2 3960E+00

e1097€=-01

«e6990£+00

«3205E+00

2 1699E+00

«2899E+00

«1295E+00



e 5583E+01
¢1545E+01
e 0954E+00
¢S021E+01
01796E401
¢413BE+00
e1156E+01
e6000E+01
e2197E4+01
¢6000E+01
«6000€E+01
«5008E+01
«2980E+01
25042E+01
s 0000E+01
¢2931E4+01
d4STBE+00
W 4STBESODL
e3275E4+01
¢3701E+01
¢ 6090E+00
«6000E+01
+4BS5TE+G1
«5092E401
0 2969E+01
e1726E+01
e4321E401
¢6000E+01
e6000E+01
0 2005E+01
«3663E+01
e4361E4+01
¢0000E+01
¢e3841E+01
03425E+401
e2711E+01
«0000E+01
0126TE+01}
¢6000E+01
«6000E4+01
«0000E+01
¢16427E+01
e 1375E+01
+6000E+01
0 2608E4+01
«5433E+01
¢ 0000E+0]
«6000E+01
0342TE+01
«B8S6E+00
«6000E+01
e2278E+01
0“272E+01
e2196E4+01
¢3858E+01
e 2551E401
+0000E+01
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JHWBBE+00
«4133E401
«2602E+01
«902BE+01
o 21T1E+01
4 b66E+00
«S608E+0]
«5696E+01
«4923E+01
'77795*01
«3326E+01
+338TE+01
+3604E401
+28TSE+0]
4B UuEFO]
«5TS9E+01
+1239E+401
«B8340E+00
«1748E+01
W 2732E+01
«5327E+01
W 246BE+00
+0000E+01
«1B9TE+01
+4B4BE+00
«8B42E+0Q1
085915+01
«9008E+01
« T042E+01
«3802E+01
«8B6GE+CO
«4E6TUE+Q]
L4BaBE+01
+4BBlE+01
+4B16E+00
.25R9E+01]
«B8T765E+01
«1517E+01
JHTETESO]
«14T1E+01
+5158E+01
+TT91E+01
«2504E+01
W TG04E+OC]
¢ T61TE+C1
J4216E401
«SLTLE+O]
dULBSEFOD]
«3199E+01
.180R8E+01
«5380E+01
-8924E+00
«0000E+V]
+984RE+01
+5521E+01
+6504E+01
«1021E+02

-e238lE=01
- 462TE+00
¢2037E=-01
-eT107E+00
+3835E+00
+9235E~01
»8196E=-01
-+ 1087TE+00
-e3602E4+00
-eS56THE~01
-s1864E+00
= 1776F+00
-¢1503FE+00
= ¢6GTOE=O]
e 1638E+00
-e2T75TE+0O
¢3395E-01
«1221E+00
2 2797E-01
-elUQ4LE+NO
«1214E+00
~¢eS564EE+00
-4 T6BE=Q]
-el443FE=01
«2820E+00
«48T72E~01
-s1219E4+401
~e3195E~01
-e T439E=01
- 3990E+00
+2638E4+00
- 4256E400
+1369E+00
-e4950F+00
+2789E+00
«6965F-02
»3728E=01
2 T8T4FE =01
- 139TE+00
- 2694E4+00
«125TE+00
+6909E+00
+1685E+00
-e6723E-01
~s411TE+00
~-36118F-01
+117TE+0O
-e1445E4+00
-y 3060E+00
+5896E=01
~s1216E+00
W 1979FE4+00
- 4TEBE=03
2 T297E=01
«1156E+01
-3 3894E400
0 12T6E~01

4HT82E~01
«3710E+00
¢ 145SE+00
+1159E401
+1ND1TE+O00O
22144E=01
«2250E+01
«1001E=-01
«2S01E+00
el1l44E=01
«6L3TE~02
«2352E+400
+9015E+00
«2028BE+00
«7629E=02
«1313E+01
«2408E~-01
+1B51E+00
W25 T2E+00
«6653E+00
«e9T04E+00
«6TO6E=03
«3108E+00
+2080E+00
09068E-01
2 1756E+01
«2005E+01
+953T7E~02
«1192E~01
«3246E+00
«1039E+00
«4212E+400
«7629E-02
«BTELE+DD
¢ 7708E-=01
«3860E+00
+8583E~02
+2078E+00
«8BB3E=02
+2623E=02
«Bl06E=-02
W261TE+01
+1040E+00
+1097E~01
+906TE+00
«c2B3LE+00
+B583E=-02
«8106E=02
«4341E+00
+2381E+00
«9060E=02
¢ 3694E=02
+3090FE+00
e2641E+01
22648E=01
+1027TE+01}
W 2861E~-02



e2T7T0SE+01
s h664ESO0D
«4380E+01
e 2313E+01
e 4TO2E+00
¢3506E+01
¢5535E+01
+6000F+01
e4116E+01
¢6000E+01
¢e85541E+01
+0000E+01
e1142E4+01
01220E+01
¢1312E+01
¢1175€4+01
¢3205E+01
¢e5484E4+01
2 4BO0TE+0]
e1T742E+01
26000E4+01
+6000E+01
03257E+01
o 65000E+01
¢6000E+01
e1336E+01
¢ 3455E+01
e 2376E+401
01916E-05
.11205+01
e&4TT9E+01
e 2092E+01
0 4TOSE+D]
e 2323E+01
*2869E+0])
e4@129E+01
e261TE+01]
e1531E+01
e161TE+0)
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«0000E+01
«1662E+01
«5273E+01
«0000E+01
«21P1F+01
+3726E4+01
+1708E+01)
+2TTSE+0]
«BTH1E+00
e 2246E+01]
+B42GE+00
«7S37E+01
+0000E+0]
s 494KE+00
«9222E+00
«5628F+01
«BT4OE+00
+3162E401
+11BRE+01
2+ 1699E+01]
«41TTE+01
«1192E+02
«T37TE+01
«S0T0E+0]
«3T02E+00
«0000E+01
«1311E401
c616TE+01
+0000E+01
«5027E+01
«4TE2E+00
«8161E+01
«6332E+01
0 2925E+01
«3093E+01
«656TE+01
+89RZE+01
+0000E+01
«4698E+01

«0000E+01

+6013FE=-01"

«B4E2E+0D
we23B4E~D3
-e2922F=01
-e7785F=«01
-e5992E~02
~e20B9E+00

2 2178BE+00
-e2356E4+00
~e4405E=~01

+5910F-01

+1192E-03
¢3128BE=01

«1554F+00
-+6318E~01

0 2622E+00
wy5815E=01

+6562E=01

«1886E+00
-e 15645400
=-¢3338BF=02
- 4513E400
=,1264E4+00
- 2995E4+00
=e2384E-03

¢ 1059E+00

e 3260E+00

«2201F+00

«1353E+00
wsT0U2FE=02

+8B859E+00

e 4439E400

29646FE-01
-e53T4E-01

«8558F~01
-y TTS50E+00
-9 3576F~03
-e368SE+00

e 2922E+00
¢ 4S43E=01
W2600E+00
«2942E+00
v 1223E+00
+30BTE+00
W 1467E+00
¢ S4RLUE=-Q2
«1900E+00
«4053E=02
«1192E+00
+9537E=«02
e 3068E+00
+B8605E=-01
+1054E+00
«B4O0TE+0O
2 4922E~01
+328TE+00
W 2293E+00
036995’01
2 TE29E=02
«1048E=01
«5165E+00
+9060E=02
e 1431E=~02
«3021E+00
«1087TE+00
¢ 9599E+00
«1008E+00
«6940E+00

. «5606E=-01

«1735E+01
2 1206E+01
+6106E+00
«e599CE+00
+9549E+00
¢ 16T3E+01
«3023E+00
«4B2TE+00
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APPENDIX IV

EXACT POSITIONS AND VELOCITIES
OF FLUID #10 IN TABLE II



e T7T8B26E400
02138E+01
¢5027TE+01
«e5240E+01
0e3286E+01
21211E401
+0000E+01
+65TBE+00
e36T6E+01
o 4TB9E+01]
01868BE+00
¢+6000E+01]
¢6000E+01
¢1783E+01
W464TE+0]
¢3908E+01
¢85163E+01
«5810E+01
90000E+01}
+0000E+01
s 2506E+01
c4251E401
01040E+401
0 2B96E+01
¢3514E401
¢568B0E+01
e 2451E+01
0 1922E401
«e5616E+01
2559TE+01
11407E+01
+1517E401
«37T70E+01
22534E4+01
e1460E401
¢6000E4+0]
26000E4+01
e2107E+01
¢6023E+00
¢ H5249E+01
e4293E+01
+5599E+01
2 2333E+01
05641E4+401
¢5021E401
01635E4+01
¢6000E+01
¢1305E+01
02239E+01
+2201E+01
+0000E+01
¢3312E+01
¢1450E4+01
¢2594FE4+01
«6000E401
«8B2lE+00
¢5368E+01
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035305#01
«1747TE+01
«1865E+01
2 694TE+O01
«0000E+01
226625401
«148G9E+01
+1891E+01
«0000E+01
«4BOSE+01]
+0000E+U]
e 2501E+01
+3039FE+0}
«9135E+00
+0000E+01
«632TE+00
e 1194E+01
»0000E+01
s 24BBE+00
«22T3E+01
+0000E+01
«6299E+00
«3552E+00
+0000E+01
«2413E+01
+1554E4+01
+3249E400
«0000E+01
«0000E+01
«SBTRE+00
2+ 3170E+00
«1200E+01
« 3259E+U0
«1217E+0]
W 23RTE+V]
«1721E+01
e 3595E+01
¢eD499E+01
«9108BE+00
«5410E+00
«3214E+01
+2636E+01
«2010E+01
+1889€+01
«1551E+01
«2668E+01
«3883E+01
s 5004E+0U 1
«s4330E+01
«1210E+01
«3647E+0
«2753E+01
«BOTOE+00
W 293R8E+(1]
«1977E401
«1051E+01
e 3292E400

vX

- 1224FE+01
-y 1842E+01]
-y 8593€+01
-+1017E+02
".‘07685"02
~s3027E+01
¢ 3967E-01
=4 3969E+01
-+ 2384E~02
v435TE+01
¢1043F=02
~s238B4E=01
~+1907E=01
-,305%9E+01
s b T6BF =02
«1B817E+01
+1030E+01
+0000F+0]
v 443BE-01
+2812E=01
+0000E+01
= 4442F=01]
~-+«50T9E+01
-+ 2384F=~02
«TTT5E+01
~¢3078BF401
-e3750E+01
«0000FE+01
~e4T6BF=02
~e2885F+01
-el174F+01
-s4106F+01
«1972F+01
-+ 3T7T1E401
-e6574F+01
-+3338E-01
~+1907E~-01
-+ 6T9S5E+0]
«2505E4+01
v2225E4+01
~¢3581F+01
~¢9423FE4+01
~+3822F+01
~eB4T9E+O1
~e6594E4+00
-43243F+01
-y 1431F~01
«1T714F4+01
-31298E+01
0 3417FE+00
«e1484F~Q]
~¢1282E+01
=s6T718BE+01
=43186FE+01
~s2861F=~01
-4 2973E+01
+1037E4+01

vy

+24TSE+01
-eB631E+01
W6T66E+00
+S5168E+01
v3867E-01
2 7531E+00
+2384E-02
W6695E+0])
e 3966E-01
+655TE+01
eb422E~0]
«0000E+01
-e238B4E=02
-s1105E+01
¢4150E=01
~e4131E+0)
¢ 1504E+01
+5209E=01
=,2980E=03
- T153E=02
+3960E~01
«1134E+01
«T7T716E+00
«3538E=~01
~e5090E401
+3598E+01
= ST3TE+00
e 342TE=01
W 4384FE=01
+B56TE+00
+646SE+0]
-y T364E+0Q]
=e6410E+01
-e41BL4E+O]
- BOETGE+OQQ
+0000E+0]
-y 2384E=02
+1845E+0]
+3615E+00
¢ 3T40E+01
- 2580E401
e 2T9SE+0]
«2854E401
-e114TE~0Q1
~e4438E+01
«3010E+01
«0000E+01
e 630TE+01
«2550E+01
-e2661E+01
-s2384E=-02
e 5342E¢01
=4 357T1E401
-s4163E+0])
-4 23B84E=02
e 38B81E+01]
+556H8E+00



291B0E+00
¢5034E+01
e T7623E+00
¢3857E+01
+0000E+01
«2917E+01
e 2604E+01
¢3436E+401
¢0000E4+01
o48T3E+01
+5604E4+01
+6000E4+01
+S69TE+0Q
e6199E+01
+3871E401
09915E+400
¢4185E401
¢3000E+01
¢40T6E+0])
¢3252E401
¢3893E+01
«0000E+01
+3509E4+01
¢3562E4+01
¢e2963E401
¢1993E401
¢ 1952E4+01
e T195E=05
«534TE+01
¢e6000E+01
e 4065E+01
0e1748E401
2 4682E+01
06000E4+01
06569E4+00
03745E401
o60T4E+OQD
¢2901E+01
s4237E+01
22T43E+401
29555E+00
21581E4+01
s 0000E+01
¢e5376E+01
¢0000E+01
¢1551E+01
»3081E+401
¢1963E4+01
+8T4BE+0O
¢3091E4+01
¢ 5422E401
03791E+01
02116E+401
e4909E+01
«56B4E+00
01728E+01
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«C041F+01
«0000E+01
o 0000E+01
«3507E+01
«4900E+0]
«+200TE+01
W 2B4OE+CL
+180T7E+0
«93TRE+0O
s 4225E401
«2886E+01
¢ 3343E401
« T255E4+00
20000E+01
2 3TOTE+O1
«0000E+01
W 2427E4+01
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